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. ABLAi‘ IGN ST RUCT URES
Andre J. Meyer, r., Houston, Tex., assignor to the United
- States of America as represented by the Administrator
of the MNativnal Aeronautics and Space Administration
Filed Jan. 13, 1965, Ser. No. 425,364
. 6 Claxms. (Cl. 0—-—-35 6)

'Inc Inw em,on deseribed herein may be manufactured
and used by or for the Govzrnment of the Usited States
of America for governmental purposes without the pay-
ment of uny royalties thercon ot therefor.’

This invention relates in general to thermal protection
and, more particularly, to ablative materials subjected to
high heating rates for relatively short periods of time.

Com«enuona] ablative materials are a composite of
vesins reinforced with Fiberglas, asbestos, or other re-

fractory fibers in the form of either random or oriented -

fibers; or in the form of a tape, ribbon, cloth, or felt, etc
The success of such ablative materials resides in the fart

~that {1) they can withstand high heating rates; (2) they
car dispese of a large amount of heat for a smail amount
of material loss; and (3) the low conductivity nf the ma-
terial retards heat transfer.

In the operation of a resin reinforced fier type ma-
terial, several zones are formed during the abiative proc-
ess. The lowest zone, that is, the zone furihest away
irom expostire to the source of heat, is the virgin material.
Above the virgin material there is a pyrolysis zone in
which the resin starts to pyrolyze and form a char, which

“accumulates to form a zone which is retained by the
reinforcing material.  Within ‘the char conduction of
heat inwards toward the pyrolysis zone is partly offset
by the transpiration of gases outward toward the surface,
and the subsequent introduction of these relatively cool
cases into the external flow provides film cooling at the
exper ~vface. Since the char has a high carbon con-
tent, it can sustain high surface temperatures and radiate
an appreciable amount of heat. Moreover, since pyrol-
ysis takes place at-a relatively low {emperature, Jittle con-
duction of heat takes place within the virgin material,

Heretofore -such ablative materials have been arranged
in the form of laminations which were laid out either

parallel, parpendicular, or sloped with regard to the dit
recrion of fluid flow. However, there is a tendency for
cracks to develop between such laminations due to the
transpiration of gases outward to the surface during the
ablative process, The c¢racks keiween the laminations

form relatively short paths through the wall of the abla- -

tive material along which heat can penetrate and rapidly
conduct to the interior of the body which is intended to
be protected. Such cracks, of course, can also cause
structural failure of the material.

Another arrangement of ablative material hys been a
resin bonded Fiberglas honeytomb filled with Tow den-
sity, high performance ablative material. Surfaces to
‘be protected against high huaﬁﬂg often incorporate cur-
vatures in two ditections and, in some instances, the radi
of curvatiires are relatively :»;m'hl. Because of the anti-
clastic nature of the honeycomb material, fabrication dif-
ficulties are encolintered in trying to form honeycomb
cell material over relatively small radii of curvatures,
particularly when the body to be covered bas a bidirec-
tiohal curvature. This difficulty increxses as the thick-
ness of the honeycomb material increases.

In order tb overceme ihe sttendant disadvantages of
prior art ablative structures, the ablative material of the
present invention permiis putgassing to occur while simul-
taneously minicizing cracking between parallel lamina-

tions. Further, even if cracking did occur, the resultant
paths would not provide paths for the heat lo penetrate
the body and would not be structurally degrading. :
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¥ore specifically, according to onc embodiment of the
invention the ablative material is secured to the forebody
of a space vehicle where the greatest amount of heat will
be -transferred to the vehicle upon entry of the vehicle
The ablative material is
formed of a looszly woven. cloth in-thé form of a mesh
or screen with sizable voids between the threads of a
cloth. These voids permit the heat shield 1o be built up
of simple parallel Jaminates, and permit ablative ouf-
gassing without delamination of the parallel luminates.
Because of the loose weave of the cloth, it can be
sirctc‘]ed over mandrels with curvatures in two directions,
or ndreis of relatively small radii of curvature. Suffi-
cS'ent resin is applied between the sheets of cloth so that
the final assembly attains a high solidity. The porosity
of the mesh or screen permits venting of the ablative
pases, thus eliminating delamination of the laminaied .
layers. In an alternate embodiment the ablative mate-
rial is used as the body of a rocket engine. The ma-
terial is built up into a body of revolution by laminating
the layers together to form the approximate shape of the
rocket body.

The advaniages of this mvenuun, both as to its con-
struction and mode of operation, will be readily appre-~
ciated as the same become betier understocd by reference
to the following detailed descriptien when considered in
connection with the accompanying drawings in which
like reference numerals designate like parts throughout
the figures, and wherein:

FIG. 1 is a perspective view of a space vehicle em-
bocying the novel heat shield in accordance with this
invention.’ .

FIG. 2 is a side view in section of the prior art ar-
rangement of the heat shield, )

FIG. 3 is a side view in section, depicting the heat
shield of FIG. 1.

FIG. 4 is a perspective view of an embodiment of a
portion of the material used in the heat shield of FIG. 3.

FIG. 5 is a perspective view of an alternative embodi-
ment of the material used in the heat shicld of FIG. 3.

FIG. 6 is a side view in section of the puor art racket
engine.

FI1G. 7 15 a'side view in seciion of a rocket engine em-
bodyving the novel ablative material of ihe present in-
vention.

Referring now to the drawings, there is shown in FIG.
1 a space vehicle 12 having a heat shicld 14 mounted on
the forebody of the VEhIC}e where the greatest amount of
heat is transferred to the vehicle.

Ore type of heat shield pxevmusiy used on a spacecraft
is shown in greater detail in FIG. 2 and comprises
laminated layers 16 of ablative materia! which are secured
to the bulkhead of the spacecraft. Extending outwardly
from the layers 16 ere ablative members 18 which are
secured to the layer 16, and are arranged in shingle fashion
at an zngle to the exposed surface. Further, a layer 26
of ablative material formed in a ring shape around the
spacecraft is secured between (e ouler shingles and the
portion of the laver 16. :

When a space vehicle baving the heat shield of FIG. 1
enters an atmosphere, the heat generated by the high re-
eniry velocitics is transferred fo the heat shield and the
ablative miaterial js heated; When ablation has started,
farge volumes of gas are peneraled within the ablative
IT%”LU' 1. The shingle construction of the Reat shicld

slizws these gases *0 be vented between the adjacent pucs

The shingle arrangernent of FIG. 2 requires Jarge quan-
tities of labor, special tooling, and poses certain fabrica-
tion problems caused by wrinkles forming when the entire
heat shield assembly is compacted and used. ~ Furiker,
should the rate of gas generaliom exceed certain limits,
bhste's would form bewween adjacent shingles, due 10 the
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Jarge voh:mes of gas 'x{rcmpii.m to vent outwardly.,
bubbling could result in structurad failure.
Referring now- 1o FIG. 3 there is depicted a preferred
embodiment of the heat.shicld in accordance with this
invenifon. " The heat shield comprisés a coarse weave

. Fiberglas or similar reinf cwno miterial 24, As shown

in FIG. 4, the material 24 is built vp into suc cessive layers
until the desired thickness of the heat shield is obtained.
Normally, the spacing between adjacent threads is'several
times the size of the individial threads. The cells form
between 1he adjacent threads and plies. It is not essen-
tial that the grids formed by the threads of each layer be
supenmposed upon the pre“f:dm\: grid.  Although the
ldyers can be superimposed by using specrai holding tech-
- pigues, éh" grids can also be alternated or displaced rela-
. tive to each other and still provide reinforcing require-
ments for the ablative material. . Once the cells are built
up to the desired thickness, the cells thus formed are filled
with ablative materiai and the ablative material in.the
individual cells is bonded together by the seepage of the
ablative material’ between the layers. Yacuum tech-
. niques can be used to fill "ozds formed by the ablative
‘material.

Referring now to FIG. 5, there is shown an alternative
type of material which may be used in the embodiment of
FIG. 3. " Lavers of material 28, a typical one of which is

shown in FIG. §, may be made of a loose weave material

which has besn pre-impregnzied with an ablative resin.
‘The layers are built up to thé desired thickness as in the
_embodiment of FIG. 4, and shaped and heated so that a
unitary structure is formed.

The two tvpes of ablative material are then easily
shaped 1o the desired form as shown in FIG. 3. Due to
the flexibility of the mateiial, large amounts of curvature
in a multiplicity of directions may be formed. Fur'her,

" at the ends of the material 24, reinforcing tape 26, also
formed of ablation material, may be added to form a
structural mamber which may be easily. secured to the
spacecraft..

Upon he'x!mg of the Ablazzve material of FIG. 3, due
to the porosity of the mesh material, outgassing. occurs
without the accompanying delamination wh;ch occurs in
the prior art shingle arrangement or normal-wedve paral-
lel laminates. Fur!hcr, the material may be-easily shaped
where the area to be protected has a radins of curvature,
unlike the pridr art honeycomb ablation heat shields.

1f the thickness of the heat shield is to vary over a large

surface area, different size lavers of the net fabric can”

be built up, starting with smaller sheets in contact with
ihe substructure where the buildup is to be the thickest,
and increasing the size of the fabric gradually until the
outer fabric is one continuous layer, in crder to atfain
maximum integrity of the part being {abricated.

Further, while the heat shizld has been described and
illustrated as being secured to the bulkhead of a space-
craft, it should be undersicod. of course, that the heat
shield could be secured to other suifaces such as cylindri-
cal or conical shaped surfaces where heat shields are
needed.

Referring now to HG 6, there is shown a prior art
rocket engine 32 formed of ablative material.  The engine
comnrises a combustion chamber portion %4, a nozzle
portion 36, wnd an exhaust portion 38 Secured to oneg
end of the combustion chamber portion 34 is an injector
heal 42 having holes 44 thergin for injecting propellant
intp the combustion chambér portion 34, The combus-
tion chamber portion is formed of a plurality of annulat
disks 46 having an opening 48 therein.. The openings are
- made 16 gradually increses ot the nozzle portion 36 and
fit over a chﬁdard {hroat insert 52 made of refractory
material in the nozzle portion. Then the inner opening
of the engine flares cutwardly to form the exhaust portion
38 so as to allow the combustion gases 1o expand, there-
by providing the thrust of the engine. The exhavst por-
tion of the chamber 38 is formed of lamindted layers 54
of ablative material which extends into the charmber at
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_an angle ihertem ina manner snmzlar to the sbmgies of.

FIG. 2

Up'm he'z ng af the co m"ustmn chambm portion 34-,
ablation.of he discs 46 occurs. Due to the drscs‘ radial’
configuration with respect to the axis of the rocket engine,
delamination’ of the discs may occur, This delamination
may result in buckling of the discs with the resultant
formation of a palh for heat girectly to the outer portion
of the rocket ermme, thus resulting in s*mciural failure
of the facket engine.

Referring now to FIG. 7 there is dcprctcd an embodi-
ment of a rocket engine 60 in accordance with the inven-
tion. The engine comprisés a combustion chamber por-
tion 62, a nozzle portion 64, and an exhaust portion 66.

.,CJ!'C(’, to one end of the combustion chamber portion 62
is an injector head 68 having holes 72 therein which
operate in a similar manner to the rocket engine head of
FIG. 6. FExcept-for a throat insert 74 of refractory
material in the nozzle portion 64, the entire engine is:
compnsed- of a Joose weave mesh cloth 76, or screen
material of the type previously depicted in FIGS. 4 and §
of the drawings. For applications where heat is not
present for long duratiens of time in the engine, it is
possible to make the entire rocket engine, including the
nozzle portion, entirely of ablative material, ) :

The material 76 is built up into a body of revelution
of concentric Jaminates using a central mandrel to attain
the approximate shape of the rocket engine. ' The fibers

comprising the mesh can consist of such reinforcing mate-

rials as Fiberglas, high-siliéa content Fiberglas, ashestos
fiber, or fiber mude from refractory or ceramic type
materials which retain their stremgth at high tempera-
tures; The material vsed to bord the fibers and the
plies together can consist of the well-known resins which
are used in ablative materials such as phenohc, pheno-

‘silane, 2 poxy, and polyester resin. -

In lhe construction disclosed in FIG. 7, the fiber ori-
entation in both the axial and circumferential direction
provides both high hoop strength and strength in the axial
direction. This censtruction does not tend fo cause de-
lamination as in the embodiment of FIG. 6, and due to
the open mesh features of the material, gases are allowed
to veni. Further, since the heat transfer rate of the
emuvoadiment of FIG. 7 is lesc in the radial direction of
the rocket engine-than the embodiment of FIG. 6, due to
the “tendency of the heat to follow the direction of the
fibers, a reduced thickness and lighter engine can'be used.

While the invention has heen depicted for use in heat
shields and rocket engincs, it is apparent to those skilled
in the art that other components could be manufactured
where ablative material is reauired without departing
from the scope of the invention.

It should be further understood that the foregoing dis-
closure relates only to preferred embodiments of the in-
vention, and that it is intended to cover all changes and
modifications of ihe examples of the invention herein
chosen for the purpose of the disclosure which do riot
constitute departures from the spirit and scope of the
invention.

What is claimed and des!rad 1o be secured by Letters
Patent is:

1. A heat protective structure for vse as a heat shield
secured to a sprcecraft wherein substantial amourts of
heat will be cresied and transferred to said spatecraft
comiprising:

an cuteér laver forming a surface exposed fo said heaf;

a plurality of inner layers arrangsd substanizily par-

allel to and integrally formed with said outer layer;
means m cach of said layers for allowing gases gen-
erated vpon heating of said structure to readily vent
towards said exposed surface comprising threads of
fiber disposed 'in crisswcréss fashion .md defining a
plurality of cells, the spacing between adiscent
thréads being several times nreater thzn the thick-
ness of said threads; and )
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“ablation material impreznated in fhe cell aren between

" the threads of each layer and the zres between the

threads of successive layers. )

2. A heat protective structure for use as a heat shield
secured 10 a spacecraft wherein subsizntizl amounts of
heat will be created and iranslerred <0 said spacecraft
comprising:

an outer layer formm\z a surface expo:ed o stid heat;

a plurality of inner Tavers arranged substantially par-

allel to and integrally formed with said outer layer;

means in each of said layers for allowing gases gen-
erated upon héating of said structire (o readily vent
towards said exposed surface comprising threads of
fiber forming a portion of each of said lavers ar-
ranged in a cellular fashion, the spacing bctween
adjacent threads being several times greater than the
thickness of said threads; and

ablation material impregnated in the cell area be-
tween the threads of cach laver and the area be-.

tween the threads of successive layers. ‘
3. An ablation structure forming a rocket engine, said
rocket engine having a combustion chamber portion, a
nozzle portion, and an exhausl portion, said engine com-
prising:
a surface laycr cxposed fo heat in said rocket engine
and forming the inner surface of said rocket engine;
a plurality of outer layers arranged as a body of revolu-
tion with respect 1o said inner surface layer and
integrally formed therewith; .
means for allowing gases generafed upon heating of
said structure to readily vent towards said inner
surface comprising threads of fiber disposed in a
crisscross fashion and defining a plurality of cells,
said fibers being disposed axially and circumferen-
tially to the axis of said rocket engine, the spacing
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between adjacent threads being several times greater

than ihe thickness of said threads; 2nd
ablation material impregnated in the cell area and in
the area between the threads of successive layers
4. An ablation structure ferming a rocket engine, said
rocket engine havmg a combustion chamber portion, a
nozzle pertion, and an exhaust poriion, said engine com-
prising:

a suiface Jayer exposed to heat in said rocket engine’
and forming the inner surface of said rockef engine; -

a plurality of cuter layers arranged substantially par-
allel to said inner surface layer and integrally formed
therewith;

means for allowing gases generated upon heating of
said structure to readily vent towards said inner sur-
face comprising threads of fiber arranged in a cellular
fashion and disposed axially and circumferentially to
said engine axis, the spacing between adjacent threads
being several times greater ﬂ:an the thickness of said
threads; and

40

50

1 : ,
ablation nalerial impregnated in the cellular area amd
in the area between the threads of successive Jayers,
5. An ablation struchiyre xermma a rockel engine, said
rocket cagine having a tombustion chamber” pomon E
npzzle portion, 4nd an exhaust portion said engine com-
prising:
a surface layer e%posed to heat in said rocket engine
and forming the inner surface of said rocket engine;
a piurality of outer layers arranged substanially par-
alle] to szid inper surface Jayer and integrally formed
therew uh, -
means for allowing gases oencrated upon heatmg of
said struciure to readily vent tewards seid surfece
Tayer comprising threads of fber arranged in a cellu-
lar fashion, the spacing beiween adjzcent threads
being several times greater than the thickness of saxd'
threads; and
ablation ‘material imp'e"nated in the cell area and in
the area between the threads of suceessive layers.
6. An ablation structure for use where substantial
amounts of heal will be created comprising:
a layer forming a surface exposed to said huat
a plurality of sublayers arranged substantially parallel
to and integrally formed with said surface layer; -
means for allowing gases generated upon heating of said
structure 1o readily vent fowards said exposed sur-
face, cach of said layers containing a fibrous mate-
rial having threads disposed in éellular fashion with
the space between adjetent threads being several
‘times greater than the thickness of said threads; and-
ablation material impregnated in the cellujar area be-
iween the threads of each layer and the area batween
threads of successive layers;
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